Although we have witnessed major improvements in genomic testing in the past 5 years, multiple challenges need to be solved before clinical genomic testing becomes routine (1 ) . The clinical implementation of genomic testing parallels the challenges we have faced with other transformative technologies. For the past decade, the medical community has been discussing the impact on healthcare and society of direct-toconsumer marketed whole-body computed tomography (CT) 8 scanning (2 ) . The CT scan is a technology that uses X-rays to produce cross-sectional images of the human body. There are clinical scenarios in which the CT scan is invaluable: disease diagnosis, evaluation after trauma, and monitoring response to oncologic therapy. However, CT scan is also being marketed as a preventive diagnostic for healthy individuals (3 ). Genomics can parallel CT scanning in scenarios of (a) first line diagnostic testing, (b) last ditch diagnosis, and (c) inappropriate clinical use.
Genomic testing implies the examination of the nucleic acid sequence of multiple, if not all, known genes. Broadly, this includes microarray tests that survey changes in single nucleotide polymorphisms (SNPs) and copy-number variation across the entire genome, sequencing the exome or whole genome by next-generation sequencing, and sequencing large panels of clinically significant genes. Genomic testing is currently moving from academic research practice to commercialization and direct-to-consumer marketing. Although genomic testing is not yet routine, DNA testing targeted to single genes, viruses, or bacteria is commonplace and performed in many clinical laboratories. The use of genetic information has evolved over the past decade from targeted single-gene tests to broader genomic tests that encompass thousands of genes. Numerous ethical, economic, and technological challenges need to be addressed before widespread adoption of clinical genomic testing. For example, a patient may not want to know their future risk of disease; a patient (and society) may not be able to afford genomic testing. In addition, genomic testing may not be appropriate for all diseases.
GENOMIC TESTING IS A FIRST-LINE DIAGNOSTIC IN SPECIFIC

SCENARIOS
Whole-body CT scans are clearly indicated in scenarios such as trauma (4 ) . Similarly, the use of microarrays is now recognized as a first-tier diagnostic test by the International Standard Cytogenomic Array Consortium to replace conventional cytogenetics in the diagnosis of individuals with developmental disabilities or congenital anomalies (5 ) . In 2014, the FDA cleared the first chromosomal microarray test system (CytoScan Dx, Affymetrix). CytoScan Dx is to be used in the context of clinical and other diagnostic findings for the diagnosis of chromosomal changes associated with "developmental delay, intellectual disability, congenital anomalies, or dysmorphic features" [FDA 510(k) approval date 1/17/2014; K130313].
Next-generation DNA sequencing enables testing of a tens to thousands of genes at a cost that previously would have only enabled testing of several genes by traditional Sanger sequencing (6 ) . For example, 1 study examined 141 patients with a familial or personal history of breast cancer who were negative for BRCA1/2 by genetic testing (7 ) . These patients were retested by a next-generation sequencing panel test that included BRCA1/2 plus 40 additional genes. Sixteen patients were found to have pathogenic variants identified in 9 genes (not BRCA1/2) (7 ). The genetic changes identified by next-generation sequencing changed the management of 15 of the 16 patients. Indeed, for hereditary breast and ovarian cancer, the 2014 National Comprehensive Cancer Network has recom-mended next-generation gene sequencing panels when patients have tested negative for high-penetrance genes (8 ) .
GENOMIC TESTING MAY BE APPROPRIATE AS A LAST-DITCH
DIAGNOSTIC
Sometimes patients may present with a metastatic cancer for which the organ of origin cannot be determined (cancer of unknown primary). In this deadly scenario, whole-body CT scan is a sensitive tool for the identification of the cancer primary (9 ) . Similarly, for patients with ultra-rare genetic diseases or genetic diseases that defy clinical diagnosis, there has been anecdotal evidence that sequencing a patient's exome or whole genome may detect a genetic defect that may lead to possible intervention to improve patient health. One example with exome sequencing was the identification of a pathogenic variant in XIAP in a 15-month-old patient with life-threatening inflammatory bowel disease (10 ) . Because of the patient's severity of disease and the known high mortality of XIAP defects, the patient underwent a successful bone marrow transplant. In fact, the National Institutes of Health Undiagnosed Diseases Program has demonstrated the potential utility of genomic testing in patients who cannot be diagnosed by conventional methods (11 ).
GENOMIC TESTING IS NOT A UNIVERSAL DIAGNOSTIC TEST
A clear controversy of whole-body CT scanning is the use of the technology for screening of healthy individuals. This type of screening may incidentally discover benign lesions that may have costly further evaluation with potential physical and mental harm (12 ) . Similarly, the current state of genomic testing guarantees the incidental discovery of DNA variants with possible pathogenic disease association. Guidelines that have been proposed for the management of secondary findings from genomic studies have been controversial because of the potential of limiting patient autonomy (13 ) . However, an additional complexity of genomic testing is that the numbers of genes in the human genome that are well understood remain in the minority.
Of the approximately 23,000 genes in the human genome, only 6,137 genes are described in comprehensive databases such as the Human Gene Mutation Database (14 ) . Thus, when we test for approximately 23,000 genes in an exome study, we are guaranteed to find thousands of variants of unknown significance that are not related to the patient's current health (15 ) . As illustrated by a recent twin study, 9,500 variants from the reference sequence could be narrowed down to 77 variants on the basis of predicted changes to amino acids and known population frequency consistent with disease (Fig. 1) . However, extensive review of the literature and clinical correlation was required to Compared to a standard reference genome (hg18) the twins share 1.6 million variants. Of these variants, 9,500 are in protein coding regions and approximately half are predicted to result in changes at the protein level (4,600; non-synonymous). On the basis of population data on DNA variation, a subset of 77 variants are seen with a population frequency appropriate for a rare genetic disease. On the basis of extensive review of the literature and clinical correlation, 3 likely candidate genes were selected by the authors of the study. (Adapted from data presented by Bainbridge et al. (15 ) . Opinion select 3 likely candidate genes. Interpreting and reporting the pathogenicity of DNA variation will be a key challenge to the broader implementation of genomics in medicine (16 ) .
Conclusions
Genomics in clinical medicine is here to stay and has proven to be a useful diagnostic tool in specific clinical scenarios. However, genomic technology is not mature and is not appropriate in all clinical scenarios. Substantial research into the quality, cost-effectiveness, and societal implications is still needed before genomic testing becomes a widespread diagnostic tool. As a starting point, the CDC has a list that classifies genetic and genomic testing into tiers on the basis of the current level of evidence supporting their use (17 ) .
Multiple issues need to be addressed as we implement genomics into everyday medicine. As a medical technology, genomics has similar challenges that have been seen before with whole-body CT scanning: diagnostic utility, incidental finding, and costeffectiveness. In addition, the interpretation of genomic analysis is still in its infancy; we do not have a full understanding of the disease association of all genes. Finally, genetic information informs us about the potential disease status of not only the individual patient tested, but all related individuals; these data will have additional burdens in ethics and privacy that exceed CT scanning. 
